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substation. Using a "double break" switch in the design will increase the contact life, which in turn 
increases the number of possible switches. 
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Annotation. An energy principle is proposed for evaluating of the feasibility for using of a 
controlled electric drive for turbine plants, in contrast to the cost analysis method. A distinctive 
feature of the proposed methodology is the use of specific energy consumption as a criterion in 
comparison with the "net energy" for a similar technological process. 
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adjustable electric drive, turbine unit, pump unit. 
Ⱥɧɨɬɚɰɿɹ. Зɚɩɪɨɩɨɧɨɜɚɧɨ ɟɧɟɪɝɟɬɢɱɧɢɣ ɩɪɢɧɰɢɩ ɨɰɿɧɤɢ ɞɨɰɿɥьɧɨɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɪɟɝɭɥьɨɜɚɧɨɝɨ ɟɥɟɤɬɪɨɩɪɢɜɨɞɭ ɞɥɹ ɬɭɪɛɨɭɫɬɚɧɨɜɨɤ ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɜɚɪɬɿɫɧɨɝɨ ɦɟɬɨɞɭ ɚɧɚɥɿɡɭ. 
ȼɿɞɦɿɧɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɟɬɨɞɢɤɢ є ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɹɤɨɫɬɿ ɤɪɢɬɟɪɿɸ 
ɧɚɜɟɞɟɧɢɯ ɩɢɬɨɦɢɯ ɟɧɟɪɝɨɜɢɬɪɚɬ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ «ɟɧɟɪɝɿєɸ-ɧɟɬɬɨ» ɧɚ ɚɧɚɥɨɝɿɱɧɢɣ 
ɬɟɯɧɨɥɨɝɿɱɧɢɣ ɩɪɨɰɟɫ. 
 Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɧɚɜɟɞɟɧɿ ɩɢɬɨɦɿ ɟɧɟɪɝɨɜɢɬɪɚɬɢ, ɟɧɟɪɝɿɹ-ɧɟɬɬɨ, ɄɄȾ, ɟɧɟɪɝɟɬɢɱɧɢɣ 
ɩɪɢɧɰɢɩ, ɪɟɝɭɥьɨɜɚɧɢɣ ɟɥɟɤɬɪɨɩɪɢɜɨɞ, ɬɭɪɛɨɭɫɬɚɧɨɜɤɚ, ɧɚɫɨɫɧɚ ɭɫɬɚɧɨɜɤɚ. 
 
Introduction. At first glance, the use of an adjustable electric drive to regulate the supply of 
the turbine installations (TBI) in accordance with their technological needs is quite attractive, since 
reducing the supply of TBI, for example, by half suggests a possible saving of electric power 
consumed by the engine by eight times. However, the cost analysis does not always take into account 
the costs of the frequency converter, the deterioration of energy quality in the electric power, and 
even more so - changes in the efficiency of the engine, the TBI mechanism and its external pipeline 
network. 
Aim. The most generalized and objective criterion for evaluating of the effectiveness of using 
a controlled electric drive for TBI can be reduced specific energy costs for all successive processes 
of the energy conversion chain, which allows us to get away from the subjectivity of the cost analysis 
and take into account the actual (in connection with regulation) energy perfection of each element in 
terms of its efficiency and in addition indirectly taking into account a number of other factors of 
 Пɪɨɛɥɟɦи ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɦɚɲиɧ ɬɚ ɨɛɥɚɞɧɚɧɧɹ ɟɥɟɤɬɪɨɦɟɯɚɧіɱɧиɯ ɬɚ ɦɟɯɚɬɪɨɧɧиɯ ɫиɫɬɟɦ 
ɉɟɪɲɚ ɦɿɠɧɚɪɨɞɧɚ ɧɚɭɤɨɜɨ-ɦɟɬɨɞɢɱɧɚ ɤɨɧɮɟɪɟɧɰɿɹ 
73 
  
influence that are difficult to take into account, such as the fact of pumping contaminated water 
without directly measuring its contamination (density), as well as the actual state of the external pipe 
network TBI, etc. 
Materials and methods. 
It is proposed to use as a method - the energy principle for evaluation of the perfection of 
energy transformations in each structure element of the regulated electric drive "electrical network + 
tools for restoring of the  electricity quality+ frequency converter + motor + pump + external 
network". 
Results. The essence of the energy principle is to determine the "energy-net" - ω0 of the TBI 
technological process, i.e. energy of an ideal conversion process in TBI elements without energy loss 
at an efficiency equal to one. Further, the accounting for real energy losses in a sequential chain of 
TBI technology is taken into account by the actual efficiency of the corresponding element as a result 





 =                                              (1) 
 
where - nmdp    - the efficiency of the corresponding elements:  
ηp - a power supply network with a frequency converter and devices for restoring energy 
quality; 
ηd - adjustable electric drive;  
ηm - TBI mechanism; 
ηn - an external network of TBI. 




 , i.e. this is the 
minimum possible energy for lifting 1m3 of pure water to the height of 1m to overcome the Earth's 
gravity - mg. 











=                                        (2) 
 
     For example, the actual reduced specific energy consumption is 5.24 Wh/m3·m for PI 
mining industry according to statistical data [1], which corresponds to (2) the overall efficiency of 
such a process of TBI - 0.52. At the same time, the maximum possible value of efficiency for this 
process, which can be achieved thanks to an adjustable electric drive, is - 0.62, i.e. potential energy 
savings are 10% (and not eight times). When regulating ɊI is at other facilities (in the municipal 
sector, thermal power plants, land reclamation, etc.), where deeper regulation of  ɊI supply is needed, 
the potential savings of electric energy can be up to 50% while reducing losses and unproductive 
water costs - up to 25%. 
Conclusions. The energy principle of assessment of the feasibility for using of the regulated 
electric drive for TBI gives us the result of the evaluation in comparison with the cost analysis more 
generally , and the given specific energy costs objectively summarize the efficiency of all elements 
of the technological chain of energy conversion in the system «Electrical network + tools for recovery 
of power quality  frequency converter + motor + pump + external network». 
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Ȼɭɪєɧɤɨɜ ɘɪɿɣ ɋɬɚɧɿɫɥɚɜɨɜɢɱ 
ɫɬɭɞɟɧɬ  
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Ʉɉȱ ɿɦ. ȱɝɨɪɹ ɋɿɤɨɪɫɶɤɨɝɨ 
 
Ⱥɧɨɬɚɰɿɹ. ȼ ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚєɬьɫɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɟɧɬɢɥɹɬɨɪɿɜ ɦɿɫɰɟɜɨɝɨ 
ɩɪɨɜɿɬɪɸɜɚɧɧɹ ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɝɿɪɧɢɱɢɯ ɪɨɛɿɬ. Зɚɩɪɨɩɨɧɨɜɚɧɨ ɫɩɨɫɿɛ ɚɜɬɨɦɚɬɢɱɧɨɝɨ 
ɤɨɧɬɪɨɥɸ ɤɨɧɰɟɧɬɪɚɰɿʀ ɦɟɬɚɧɭ ɜ ɬɭɩɢɤɨɜɿɣ ɝɿɪɧɢɱɢɣ ɜɢɪɨɛɰɿ ɛɟɡ ɜɬɪɭɱɚɧɧɹ ɥɸɞɢɧɢ. 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ. ɚɜɬɨɦɚɬɢɡɚɰɿɹ, ɤɨɧɰɟɧɬɪɚɰɿɹ ɦɟɬɚɧɭ, ɞɚɬɱɢɤ ɦɟɬɚɧɭ, ɤɨɦɩɚɪɚɬɨɪ. 
Abstract. The work deals with the fan automation system of local ventilation when performing 
mining operations. We propose a method for automatic control of methane concentration in the dead-
end mining area without human intervention. 
Keywords.  automation, methane concentration, methane sensor, comparator. 
 
ȼɫɬɭɩ.  Ɋɨɛɨɬɚ ɩɪɢɫɜɹɱɟɧɚ ɩɪɨɛɥɟɦɿ ɤɨɧɬɪɨɥɸ ɤɨɧɰɟɧɬɪɚɰɿʀ ɦɟɬɚɧɭ  ɭ ɜɭɝɿɥɶɧɿɣ ɲɚɯɬɿ. 
ɐɹ ɩɪɨɛɥɟɦɚ ɚɤɬɭɚɥɶɧɚ ɡ ɬɨɱɤɢ ɡɨɪɭ ɛɟɡɩɟɤɢ ɠɢɬɬєɞɿɹɥɶɧɨɫɬɿ ɥɸɞɟɣ ɬɚ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɧɟɩɟɪɟɪɜɧɨɝɨ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ. ɉɢɬɚɧɧɹ ɤɨɧɬɪɨɥɸ ɫɤɥɚɞɭ ɲɚɯɬɧɨʀ ɚɬɦɨɫɮɟɪɢ 
ɪɨɡɝɥɹɞɚɥɨɫɹ ɜ [1-5]. ɉɪɨɛɥɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɬɚɤɨɝɨɤɨɧɬɪɨɥɸ ɛɭɥɢ ɜɢɫɜɿɬɥɟɧɿ ɜ [3-5]. 
Ɇɟɬɚ. ȼ ɪɨɛɨɬɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɤɨɧɬɪɨɥɸ ɦɟɬɚɧɭ ɭ ɬɭɩɢɤɨɜɢɯ 
ɜɢɪɨɛɤɚɯ, ɛɟɡ ɭɱɚɫɬɿ ɥɸɞɢɧɢ. 
Ɇɚɬɟɪɿɚɥɢ ɿ ɦɟɬɨɞɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɚ ɫɬɪɭɤɬɭɪɚ ɚɜɬɨɦɚɬɢɱɧɨʀ ɫɢɫɬɟɦɢ  ɤɟɪɭɜɚɧɧɹ 
ɜɟɧɬɢɥɹɬɨɪɨɦ ɜ ɬɭɩɢɤɨɜɿɣ ɜɢɪɨɛɰɿ ɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ 1. 
 
 
 Ɋɢɫɭɧɨɤ 1 - ɋɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɱɧɨʀ ɫɢɫɬɟɦɢ  
ɤɟɪɭɜɚɧɧɹ ɜɟɧɬɢɥɹɬɨɪɨɦ ɜ ɬɭɩɢɤɨɜɿɣ ɜɢɪɨɛɰɿ 
 
Ⱦɚɬɱɢɤ ɩɨɫɬɿɣɧɨ ɮɿɤɫɭє ɜɿɞɫɨɬɨɤ ɜɦɿɫɬɭ ɦɟɬɚɧɭ ɜ ɩɨɜɿɬɪɿ. Ʉɨɥɢ ɤɨɧɰɟɧɬɪɚɰɿɹ ɦɟɬɚɧɭ 
ɞɨɫɹɝɚє ɤɪɢɬɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ, ɤɨɦɩɚɪɚɬɨɪ ɩɨɞɚє ɫɢɝɧɚɥ ɧɚ ɬɪɚɧɡɢɫɬɨɪɧɢɣ ɤɥɸɱ ɞɥɹ ɣɨɝɨ 
ɩɿɞɫɢɥɟɧɧɹ. Ⱦɚɥɿ, ɫɢɝɧɚɥ ɩɨɫɬɭɩɚє ɜ ɩɭɫɤɚɱ, ɹɤɢɣ ɜɢɤɨɧɭє ɩɭɫɤ ɞɜɢɝɭɧɚ ɡ ɜɟɧɬɢɥɹɬɨɪɨɦ. ȼ 
ɹɤɨɫɬɿ ɞɚɬɱɢɤɭ ɜ ɫɬɪɭɤɬɭɪɿ ɜɢɤɨɪɢɫɬɚɧɢɣ ɞɚɬɱɢɤ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɤɨɧɬɪɨɥɸ ɦɟɬɚɧɭ ȾɆɌ. Ƀɨɝɨ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 1.  
Ɍɚɛɥɢɰɹ 1 - Ɍɟɯɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɬɱɢɤɚ ȾɆɌ 
Ɇɟɠɿ ɜɢɦɿɪɸɜɚɧɧɹ, % ɋɇ4: ɜɿɞ 0 ɞɨ 2,5 
Ɇɟɠɿ ɨɫɧɨɜɧɨʀ ɚɛɫɨɥɸɬɧɨʀ 
ɩɨɯɢɛɤɢ, % ɋɇ4: 
± 0,3 
 
